We report in this paper spectroscopic and photometric analysis of eight massive stars observed during Campaign 8 of the Kepler/K2 mission from January to March 2016. Spectroscopic data were obtained on these stars at OPD/LNA, Brazil, and their stellar parameters determined using SME. Periodic analyses of the light curves were performed through CLEANEST and PERIOD04 algorithms. Mass, luminosity, and radius of our stars were estimated employing CESAM+POSC grids. Three of our stars show significant periodicity. K2 ID 220679442 and K2 ID 220532854 have periods linked to the stellar rotation. K2 ID 220532854 has prominent silicon lines (Si ii 4128-4131Å), a characteristic presented in the peculiar class of Ap magnetic main sequence stars. However, in our spectral analysis, this object was found to be an evolved, luminous giant star. K2 ID 220466722 was revealed to be a δ Scuti variable, and 40 individual frequencies were determined for this star. No significant periodicity was found in the light curves for the remaining stars analyzed in this work, besides the instrumental one.
INTRODUCTION
The Kepler spacecraft was launched in March 2009. Its primary mission was to monitor more than 150 000 stars looking for transiting terrestrial exoplanets (Earth-sized planets in and near the habitable zone of Sun-like stars), detection in the Cygnus-Lyra region. Details are described by Koch et al. (2010) and Borucki et al. (2010) . After the loss of two reaction wheels on board the spacecraft in May 2013, the mission was reconfigured to observe along the ecliptic plane, and renamed K2. Since then, it allows the scientific community to propose targets to observe. The K2 mission entails a series of sequential observing "Campaigns" of fields distributed in the ecliptic plane. Sun angle constraints, therefore, limit each campaign to a duration of approximately 80 days.
The Kepler mission was designed primarily for the study ⋆ E-mail: jessyeidam@gmail.com of MS stars in the quest for an Earth-like planet. However, Kepler data has the potential for study upper main sequence stars (see, for example, Murphy 2014). In fact, only 0.75% of the stars observed by its primary mission have effective temperature larger than 8300K (Mathur et al. 2017 , Table 4 ). Rapidly evolving massive stars are rare. Besides their short lifetimes, the number of stars that form per mass interval per unit area in the Milky Way's disk -the so-called initial mass function -is strongly mass-dependent. Moreover, the star density for 2, 4 and 8 solar-mass stars correspond to approximately 30%, 10% and 3% of the number of stars with one solar mass, respectively (Carroll & Ostlie 2006) . Here we perform a full analysis (photometric and spectroscopic) for stars with effective temperature larger than 8300 K observed during Campaign 8 of K2 mission. These stars are part of the program proposed by our group, where our choice of targets were all stars in the SIMBAD (Wenger et al. 2000) database that are in the field of view (FoV) of Campaign 8, have spectral types A or B, and magnitude V < 16. The last criterion was necessary to obtain their ground-based spectra as planned. Campaign 8 was chosen for our analysis because its FoV is 50°to 59°south of the Galactic Plane (and galactic longitude around 130°), whereas the primary mission FoV is centered on galactic coordinates (76.5°, +13.3°). In spite of being a region of lower star density, the C8 FoV has been less studied. Campaign 8 was observed between January and March 2016, for a total of 78.73 days. Among the targets there are eight A/B9-type stars (Table 1) proposed by our research group and observed with a 30-minute cadence. On February 1st, the spacecraft lost fine point control for approximately 30 hours. Coarse point data during this period was removed from our light curves, introducing gaps. Every 6 hours the drift motion of the spacecraft was corrected. This movement causes a systematic signal that is present in the K2 simple aperture photometric light curves. This signal corresponds to the frequency f = 4 d −1 .
A-type stars show a wide range of specificities. More than 30% exhibit chemical peculiarities (Gray & Corbally 2009 ), making them interesting objects. The most common peculiarities are the Am and Ap phenomena (Murphy 2014) . In this work, spectroscopy data reveal that two stars, [1] and [3] , feature prominent silicon lines (Si ii 4128-4131Å), a characteristic presented by peculiar Ap and Bp stars. Dwarf A-type stars are relatively fast rotators, showing v sin i significantly over 100 km s −1 (Gerbaldi et al. 1999) . Slow rotators are also observed among the early-A star. They are the so-called peculiar metallic-line Am stars (Conti 1965) .
Variable stars are also found among the A spectral class: δ Scuti, named after their prototype, are main sequence and giant stars located in the so-called variable instability strip of the HR diagram and are used as standard candles to measure cosmic distances. They are within the mass range of 1.5-2.5 M ⊙ and spectral type A2 to F5. Most δ Scuti stars are short-period variables and show pressure (p) nonradial pulsation modes. Some of them are referred to as hybrid stars because they pulsate simultaneously in both p and g (gravity) modes (Bowman & Kurtz 2018) . P-modes are excited by the κ mechanism and g-modes by the convective flux blocking mechanism.
In section 2, we describe the temporal analysis of the photometric data using the CLEANEST and PERIOD04 algorithms. In section 3, the spectroscopy analysis using Spectroscopy Made Easy (SME) package is presented. Fundamental parameters such as mass, radius, and luminosity were obtained through the CESAM+POSC grids, and the position of the stars with respect to evolutionary trajectories in the HR diagram could be established. The results of our analyses are presented for each star in section 4 and a summary of our results in section 5.
PHOTOMETRIC ANALYSIS
The Kepler mission provides high photometric accuracy and high temporal resolution. Photometric measurements were taken by the Kepler/K2 mission from January 04 to March 23, 2016. We made use of the K2 Systematic Correction described by Aigrain et al. (2016) for all the targets in this paper. Frequency analyses of the eight light curves were made using the CLEANEST (Foster 1995) and PERIOD04 (Lenz & Breger 2005) algorithms.
CLEANEST is an effective analysis tool for detecting signals in time series with irregular time spacing. It uses statistics based on the modified periodogram Lomb-Scargle (Scargle 1982) and the discrete "data-compensated" Fourier transform (Ferraz-Mello 1981) . CLEANEST designs the data in an orthogonal subspace of test functions (sine, cosine, and a constant function). The CLEANEST spectrum follows a χ 2 distribution with r −1 degrees of freedom, where r is the number of test functions (Foster 1996) .
PERIOD04 is a Java/C++ tool used in Astronomy to search for frequencies in time series containing gaps. It also allows for estimation of uncertainties in adjusted parameters by employing Monte Carlo simulations.
In order to check if any of the frequencies provided by CLEANEST for each star were related to rotation or variability, we calculated the rotation frequency ( f rot ) by means of equation 1. For this, vsin i values were obtained for each star by means of the Fourier transform of the magnesium line profile (Mg ii 4481Å) on the stellar spectra ( Table 2) . The radii were estimated from spectroscopic data using CE-SAM + POSC codes (see section 3).
(1)
Luminosity Distance
We compared the luminosity found in our spectral analysis with the luminosity derived from Gaia DR2 parallax (Gaia Collaboration et al. 2016 , 2018b . The procedure was done following the documentation release 1.1 for Gaia Release 2 (available at http://gea.esac.esa.int/archive/documentation/GDR2/). We used a geometric distance estimation using first a short distance that varies smoothly as a function of Galactic longitude and latitude according to a Galaxy model made by Bailer-Jones et al. (2018) . Bolometric corrections were performed using the tables provided by Bessell et al. (1998) . V magnitudes were used for the calculation and the extinction from the Gaia catalogue in the G filter was transformed to V magnitude using the photometric relationship provided at documentation release 1.1 for Gaia Release 2. Stars [1] and [5] do not have extinction available at Gaia database and this is the main cause of the differences found in luminosity for these stars. The final error bars for the stellar parameters were calculated taking into account the deviations from both parallax and bolometric correction. The results are found in table 2. Figure 3 shows the luminosity distance for the main sequence stars derived from Gaia distance compared with the luminosity found with the spectroscopy analysis.
SPECTROSCOPIC ANALYSIS
In order to derive the physical parameters of the stars, spectra were obtained at the Pico dos Dias / Laboratório Nacional de Astrofísica (OPD/LNA, Brazil) with the Cassegrain spectrograph mounted to the Perkin-Elmer Telescope (1.6m), with a first order 1200 lines/mm grating, resulting in a dispersion of ∼ 0.5Å/pixel (Fig. 2) . During the night of August 26th, 2016, data were obtained in the blue region 4000-5000Åwith a resolving power of about 9,600 and a signal-to-noise ratio (SNR, computed with Stoehr et al. 2008) [4]
[5]
[6]
[7]
[8] 4670Å to check the calcium K line, since our preliminary results conflicted with the Gaia Luminosity determination ( Figure 10 ). Spectral characterization was made using Spectroscopy Made Easy (SME, Valenti & Piskunov 1996) , with initial parameters calculated from those available in the literature to create synthetic spectra. The list of input lines was provided by the Vienna Atomic Line Database (VALD, Heiter et al. 2008 ). Using interpolated atmospheric models, Figure 4 . Evolutionary tracks for A-type stars using the CE-SAM+POSC grids (Marques et al. 2008) . Crosses represent the uncertainties in the parameters derived using the SME code.
global stellar parameters were let to vary freely until the best possible fit was achieved (minimization of χ 2 ). SME output yields the following stellar parameters: effective temperature (T eff ), surface gravity (log g), metallicities, macro and microturbulence velocity, radial velocity, and v sin i and a set of uncertainties. SME provides uncertainty values that are purely numerical and therefore do not properly represent the real uncertainties. Thus, for each adjusted Table 2 . Atmospheric and structural parameters for the stars in table 1, derived from spectroscopic data and applying SME and the CESAM+POSC grids. The last two columns contains the distance and luminosity derived from Gaia (Bailer-Jones et al. 2018) .
Target
Spectral parameter a hundred Monte Carlo simulations were executed (Allen & Smith 1996) , randomly varying by 5% the best fit obtained with SME (Niemczura et al. 2014 ) and comparing the results. Some of the uncertainties found have small values. As the SNR and resolving power of the individual spectra are about the same, the Monte Carlo simulation failed to return a realistic value for the deviations. In some cases, the algorithm found solutions only around a local minimum at the parameter space. Values for the uncertainties in stellar parameters deduced from our observations are around 300 K for temperature and 0.1 dex for log g. We assumed as uncertainty in the measure the dispersion 1σ of the value of each parameter. By looking for the values of T eff and log g from SME in the output of evolutionary tracks computed from the Code d'Évolution Stellaire Adaptatif et Modulaire (CESAM) and Porto Oscillations Code (POSC) grids (Marques et al. 2008) , we were able to find the best structure models -including mass, radius, and luminosity -for the eight stars (see table 2 and figure 4).
Rotation
Dwarf A-type stars are relatively fast rotators, showing v sin i values significantly greater than 100 km s −1 (Gerbaldi et al. 1999 ). Therefore, it is possible to estimate the rotation velocities of our sample from spectral line broadening. Besides to the value of v sin i calculated from SME, we checked the rotation using both a Fourier technique (Smith & Gray 1976) and the measure of the full width at half maximum (FWHM) of a Gaussian fit for the Mg ii 4481Å line (Gray 1976) . The results are summarized in table 3.
RESULTS
Only stars [1], [2] and [3] show significant periodicity in the light curves. We present their photometric analysis below.
Star [1]
We find T eff = 10300 ± 300 K and log g = 3.88 ± 0.10 dex. The star is then a B9 V with L = 113.5±34.2 L ⊙ , R = 3.3±0.4 R ⊙ and M = 3.1 ± 0.2 M ⊙ (Table 2) A consistent value of v sin i = 127 ± 22 km s −1 was found by our combined methods. The CLEANEST spectrum for the photometric observations of this star is shown in Figure 5 . The most pronounced frequency is 1.29 ± 0.01 d −1 , which is the first harmonic of 0.64 ± 0.01 d −1 that also appears in the periodogram. The stellar light curve can be well fitted by a sum of sine functions, with 0.64 ± 0.01 d −1 and four more harmonics. The fundamental frequency found is consistent with the stellar rotation. Balona et al. (2011) interpreted similar B-type stars light curves as due to binarity or rotation. Taken the v sin i and radius values found in this paper and 1σ uncertainties, the star inclination is estimated to be between i = 60 and i = 77°. Figure 6 shows the posterior probability density function for the inclination White et al. (2017) . The frequency at 1.29 ± 0.01 d −1 appears as the strongest in the power spectrum. It is usual to find half of the rotation period in stellar light curves. In this case, as the fundamental frequency has a smaller amplitude than the 2nd harmonic, a possible scenario would be the presence of two spots on the stellar surface in anti-phase (Collier Cameron et al. 2009; Walkowicz & Basri 2013) .
Star [2]
The spectroscopy analysis indicates T eff = 8300 ± 30 K and log g = 4.00 ± 0.01 dex ( Table 2 ). The star is a A6 V with Table 3 . Signal-to-noise ratio for observed spectra of individual targets, and rotational velocities derived using the two methods described in section 3.1. FWHM values were corrected for the instrumental width (∼ 31 km s −1 ). These values are greater than those found in Huber et al. (2016) . Its parallax of 2.15 ± 0.08 mas was determined by Gaia Collaboration et al. (2018a) . A distance of 458 ± 17 pc was thus inferred by Bailer-Jones et al. (2018) . Our spectroscopic data indicate v sin i = 147 ± 13 km s −1 . Given its mass, T eff and luminosity, this star is at the upper limit of the δ Scuti instability strip region in the HR diagram. Its measured v sin i is typical for A and F stars, and close to their observed mean value of 134 km s −1 as in Niemczura et al. (2015) and well inside the range estimated by Zorec & Royer (2012) . Figure 7 shows the observed power spectrum for the photometric observations of this star (shown in panel 2 of Figure 1 ). The variability of star [2] is typical of a δ Scuti star. Using PERIOD04 (Lenz & Breger 2005) , we obtain forty frequencies along with their amplitudes and phases.
The filling factor of Kepler data is 0.9 and the amplitude spectrum was multiplied by 1.118 as in Komm et al. (2000) to correct for it.
We model the photometric variation as:
where A i , ν i , and φ i are the individual amplitudes, frequencies and phases respectively (see Table 4 ). We use the same observed window (t) as our data (including the num-ber, position, and length of the gaps). The spectrum of our model fits very well the observed one and is shown in red in Figure 7 .
The observed modes have a line width smaller than the frequency resolution of the observed time series, which indicates a long lifetime of the modes.
To check for the presence of the 40 frequencies in the light curve, we performed an F-test. This statistical test calculates the ratio if the sum of residuals squared decrease significant more than the relative change of the degrees of freedom from a simple model to a more complex one. This test shows that all 40 frequencies are statistically significant at 99% confidence level. The noise calculated as the average amplitude at frequencies higher than 5 d −1 after prewhitening all 40 frequencies is equal to 5 ppm. Breger et al. (1993) chose a signal-to-noise ratio of 4 as a good criterion to distinguish between peaks due to pulsation and noise, which applies to our results in Table 4 where all amplitudes are larger than 20 ppm. Figure 8 shows the difference between the observed spectrum and that of our model (black and red lines in Figure 7) . The standard deviation of the residuals for frequencies higher than 5 d −1 is equal to 4.0 ppm and there is no obvious peak present. Figure 8 shows the residuals for lower frequencies as well. This δ Scuti-type star seems to have only p modes with no hybrid p and g modes since no significant frequencies below 5 d −1 are seen (Bowman & Kurtz 2018) .
We added random noise to our model with a standard deviation given by the time-series residuals calculated by PERIOD04, which is equal to 239 ppm.
The amplitude spectrum with an oversampling factor of 16 was calculated for 1000 realizations.
For each realization, we obtained the forty frequencies and their amplitudes by fitting a Gaussian function at each peak. We then calculated the average and standard deviation of the amplitude and frequency of each mode over 1000 realizations. The standard deviation of each peak amplitude varies from 5.4 to 6.3 ppm. The mean amplitude of each mode amplitude in ppm and divided by its standard deviation, σ, is given in Table 4 (5th and 6th columns, respectively). Seventy percent of the observed amplitudes are within 3σ of its mean amplitude. The standard deviation of each frequency is also given in Table 4 (3rd column) and gives an estimation of the frequency uncertainty. The frequency resolution of the spectra with a 16-factor oversample is 0.0008 d −1 . The mean frequency of each peak is very close to the observed one and it is not shown. Table 4 . Frequencies, amplitudes, and phases obtained using PERIOD04 for star [2] (columns 2, 4, and 7 respectively). It is also shown the standard deviation of the frequencies (3rd column) and the mean amplitude (5th and 6th columns) over 1000 realizations after adding random noise to our model (see text).
Frequency
Frequency Frequency error Amplitude Mean Amplitude Mean Amplitude Figure 9 shows an example of the significance of fitting the peaks with small amplitudes.
Modes number 1, 12, 16, 19, 22, 23, 28, 31 and 35 in Table 4 have frequencies close to multiple integers of 4.08 d −1 , i.e., to harmonics of the frequency introduced in the data by the Kepler satellite thruster firings that occur about every six hours. Despite the correction used in the light curve, there still might be some small effect. Our minimum and maximum observed frequencies, 9.3736 d −1 and 23.0596 d −1 (i.e., 108.491 and 266.894 µHz) agree with the theoretical values obtained by Michel et al. (2017) for a 2.0 solar mass star, as illustrated in their Figure 2 . The amplitudes of the oscillations are in the expected range as obtained by Michel et al. (2017) using the CoRoT data and defining the square root of the quadratic sum of amplitudes of all peaks as the amplitude index. For our results, the amplitude index is equal to 1600 ppm.
We can not rule out that some of the frequencies in Ta-ble 4 are combination frequencies due to non-linearity of pulsation modes (see Kurtz et al. 2015, and references therein) . Although the observed frequencies are in the p mode frequency range and their amplitudes are lower than 700 ppm, they are close to some cases described in Kurtz et al. (2015) . As stellar rotation lifts the degeneracy of non-radial pulsation modes into its 2ℓ+1 components, we would expect the rotational splittings to be equal or larger than 1.21 d −1 given our determinations of the v sin i and stellar radius. For moderate and fast rotating stars, the splitting will be significantly asymmetric due to the Coriolis force (Aerts et al. 2010) , making their identification difficult.
To search for frequency spacings, we performed a Fourier analysis of our frequencies, assuming unit amplitude for all peaks, but the observed peaks are not statistically significant as to give coherent results.
Although we were unable to identify rotational split- Table 4 are plotted on top of each peak. tings or the large separation, 17 out of the 40 identified frequencies are equispaced by 1.23 d −1 or a multiple of it.
The number of separations between the identified frequencies for one, two, three and four times 1.23 d −1 are, respectively, four, five, five and three.
The average and its standard deviation of all 17 separations divided by its multiplication factor is equal to 1.230±0.005 d −1 . Suárez et al. (2014) estimated a linear relation between the large separation and the mean density of δ Scuti stars from asteroseismic models. Given the values in Table 2 , star [2] has a mean densityρ = 0.15 ± 0.02ρ ⊙ . The large separation predicted by Suárez et al. (2014) is approximately inside the 3.4-4.0 d −1 interval, which agrees quite well with three times 1.23 d −1 .
Star [3]
In our spectroscopy analysis we found T eff = 9700 ± 400 K and log g = 3.0 ± 0.2 dex ( Table 2 ). The star is a A0 III/IV with R = 12 ± 4 R ⊙ , M = 4.9 ± 0.9 M ⊙ and L = 1000 ± 600 L ⊙ . Its parallax of 1.76 ± 0.07 mas was determined by Gaia Collaboration et al. (2018a) . The distance of 559 ± 22 pc was inferred by Bailer-Jones et al. (2018) . Catanzaro et al. (2019) found T eff = 8000 ± 125 K and log g = 3.50 ± 0.25 dex and Huber et al. (2016) found T eff = 8803 ± 125 K and log g = 3.73 ± 0.20 dex. Therefore since the Ca K line is weak (Figure 10) , this indicate star [3] is hotter than the temperature found by Catanzaro et al. (2019) and Huber et al. (2016) . The value of v sin i = 143± 28 Table 4 . The residuals at lower frequencies do not indicate the presence of g modes. Figure 9 . Example of fitting one of the peaks with small amplitude in Table 4 . The black line is the observed spectrum in both panels. The red lines correspond to 100 realizations without including peak number 34 (top panel) and including it (bottom panel). km s −1 is consistent with all our determinations displayed at table 3. Figure 11 shows the CLEANEST spectrum for the photometric observations of this star. The most pronounced frequencies are 0.13 ± 0.01 d −1 (fundamental) and the first harmonic of 0.26 ± 0.01 d −1 . The frequency found at CLEAN-EST Spectrum is consistent with rotation. Taken the values of v sin i and radius found in the paper and 1σ uncertainties, the star inclination is between i = 27°and i = 66°. Figure 6 shows the posterior probability density function for the inclination (White et al. 2017) . A model with the two frequencies mentioned above give an excellent fit to the light curve. (Fig-ure 12) . However, the CLEANEST spectrum of the residual (O-C) reveals the third harmonic at 0.39±0.01 d −1 and a long term variation (Figure 13) . McNamara et al. (2012) classified similar light curves as binary / rotation modulated stars (See figure 8 in that paper).
Spectroscopy data reveals a well-defined silicon doublet (Si ii 4128-4131Å) and (Si ii 3856-3862Å), a characteristic presented by the peculiar magnetic Ap stars and already reported by Renson & Manfroid (2009) in their catalog of peculiar A stars. However, in our spectral analysis, we find that star [3] is an evolved object -a luminous giant star -, which does not correspond to an Ap class star, usually found in the Main Sequence branch (North et al. 1997; Wade 1997) . In figure 2 it can be seen that star [3] shows hydrogen lines narrower than the other stars in the sample, suggesting a giant classification.
DISCUSSION AND SUMMARY
This paper presents a thorough analysis of massive stars observed photometrically near 50°below the galactic plane by the Kepler/K2 mission and spectroscopically at OPD/LNA (Brazil).
We estimated the distance of our stars from the galactic plane. It ranges from 326 pc for star [8] up to 469 pc for star [1] . Since the Milky Way's thin disk has a vertical height scale of 300±50 pc in the vicinity of the Sun, these stars are at the edge of the old thin disk or inside the thick disk. B stars are confined to the thin young disk extending only about 50 pc below and above the plane.
Three of our targets show significant periodicity. Stars [1] and [3] show periods linked to the stellar rotation. Star [2] is a δ Scuti variable in which 40 individual frequencies were found by our analysis. Star [3] has a pronounced silicon doublet (Si ii 4128-4131Å), characteristic of the peculiar magnetic Ap stars. However, our spectral analysis showed that it is an evolved star, which does not agree with the Ap class characteristics. This object is in fact a luminous Figure 11 . CLEANEST Spectrum of star [3] . The most pronounced frequencies are 0.13 ± 0.01 d −1 (fundamental) and the first harmonic of 0.26 ± 0.01 d −1 . The frequency found is consistent with rotation. giant, while Ap stars are found in the Main Sequence. Stellar luminosities were calculated both using CESAM+POSC grids and Gaia distance data. For the main sequence stars the results are in agreement at a 2σ level. For stars [4] to [8] , no significant periodicity was found in the light curves. Their physical parameters are presented in Table 2 and their rotational velocities estimates for both Fourier and FWHM methods are shown in Table 3 . ence via grant NNX13AC07G and by other grants and contracts.
